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In the title salt, {[Ho(N0 3 ) 2 (C 6 H 18 N 3 OP)4][AgWS 4 ])„, the 
anion forms a W/S/Ag polymeric chain along the a axis. The 
holmium atom in the cation is coordinated by eight O atoms 
from two nitrate and four hexamethylphosphoramide ligands 
in a distorted square-antiprismatic geometry. Together with 
the two nitrate ligands, the complex cation in the title 
compound is univalent, which leads the anion to be univalent 
as well. The polymeric anionic chain with W— Ag— W and 
Ag-W-Ag angles of 161.429 (17) and 153.608 (10) °, 
respectively, presents a distorted linear configuration. The 
title complex is isotypic with the corresponding Y, Yb, Eu, Nd, 
La and Dy analogues. 

Related literature 

For one-dimensional Mo(W)/S/Ag anionic polymers, see: Niu 
et al. (2004). For isotypic compounds, see: Zhang, Cao et al. 
(2007); Cao et al. (2007); Zhang, Qian et al. (2007); Tang, 
Zhang & Zhang (2008); Tang, Zhang, Zhang & Lu (2008); 
Zhang (2010, 2011). 
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Experimental 

Crystal data 

[Ho(N0 3 ) 2 (C 6 H 18 N 3 OP)4][AgWS4] 

M, = 1425.76 

Monoclinic, P2Jc 

a = 15.767 (3) A 

b = 29.616 (6) A 

c = 11.383 (2) A 

P = 90.88 (3)° 

Data collection 

Rigaku Mercury2 diffractometer 
Absorption correction: multi-scan 
(CrystalOear; Rigaku, 2008) 
T min = 0.463, r maI = 0.648 

Refinement 

R[F 2 > 2a(F 2 )} = 0.031 

wR(F 2 ) = 0.073 

S = 1.03 

9655 reflections 



V = 5314.7 (17) A 3 
Z = 4 

Mo Ka radiation 
/x = 4.33 mm -1 
T = 173 K 

0.18 x 0.15 x 0.10 mm 



24559 measured reflections 
9655 independent reflections 
8942 reflections with / > 2a(l) 
R in . = 0.024 



532 parameters 

H-atom parameters constrained 
A/w = 0.87 e A~ 3 
Ap mi „ = -0.86 e A~ 3 



Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

This work was supported by the Jiangsu Postdoctoral 
Foundation (grant No. 1001010c) and the funds from Jiangsu 
Province Education Office (serial number JH10-48). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ2661). 
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c«tena-Poly[[tetrakis(hexamethylphosphoramide-/<:0)bis(nitrato- A^OOholmiumCIII)] [silver(I)- 
di-^-sulfido-tungstate(VI)-di-^-sulfido]] 

J. Zeng, G. Tang and C. Wei 
Comment 

One-dimensional Mo(W)/S/Ag anionic polymers have attracted much attention for their configurational isomerism (Niu 
et ah, 2004). Different solvent-coordinated rare-earth cations proved effective to obtain various configurations of anionic 
chains (Niu et ah, 2004). The title compound {[Ho(hmp)4(N03)2][WS4Ag]} n (hmp = hexamethylphosphoramide) with a 
wave-like anionic chain was prepared by following such route using Ho(III)-hmp complex as counterion. 

The title complex is isostructural with Y (Zhang, Cao et ah, 2007; Zhang, 201 1), Yb (Cao et ah, 2007), Eu (Zhang, Qian 
et ah, 2007), Nd (Tang, Zhang & TJawLg, 2008), La (Tang, Zhang, Zhang & Lu, 2008) andDy (Zhang, 2010) isomorphs. The 
holmium(III) atom in the cation (Fig. 1) is coordinated by eight O atoms from two nitrate and four hmp ligands. In possession 
of two nitrate ligands, the cation in the title compound is univalent, which leads to an anionic chain with a univalent repeat 
unit. As illustrated in Fig. 2, the anionic chain in the title compound has a distorted linear configuration with W — Ag — W 
and Ag— W— Ag angles of 161.429 (17) and 153.608 (10) °, respectively, 

Experimental 

Agl (1 mmol) was added to a solution of [NH4]2WS4 (1 mmol) in hexamethylphosphoramide (8 ml) with thorough stirring 
for 30 minutes. The solution underwent additional stirring for two minute, then Ho(N03)3.6H20 (0.5 mmol) was added. 
After filtration the orange filtrate was carefully laid on the surface with 12 ml /-PrOH. Orange block crystals were obtained 
after about one week. 

Refinement 

H atoms were positioned geometrically and refined as riding, with C — H = 0.96 A and (7j S0 (H) = 1.5C/ e q(C). 
Figures 



Fig. 1. The molecular structure of the cation in the title compound, with 30% probability dis- 
placement ellipsoids. All H atoms have been omitted. 
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Fig. 2. The molecular structure of a portion of the anionic chain in the title compound, 
with30% probability displacement ellipsoids, Symmetry code: (i) x, -y+l/2, z+1/2. 



cafena-Poly[[tetrakis(hexamethylphosphoramide-KO)bis(nitrato- k 0,0')holmium(lll)] [silver(l)-di-|j-sulfido- 
tungstate(VI)-di-|j-sulfido]] 



Crystal data 

[Ho(N0 3 )2(C 6 H 18 N30P)4][AgWS 4 ] 

M,-= 1425.76 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 15.767 (3) A 

b = 29.616 (6) A 

c= 11.383 (2) A 

(3 = 90.88 (3)° 

V= 5314.7 (17) A 3 

Z=4 



^(000) = 2824 

D x = 1.782 MgrrT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 22657 reflections 

6 = 3.7-29.1° 

|i = 4.33 mm 1 

T= 173 K 

Block, orange 

0.18 x 0.15 x 0.1 mm 



Data collection 

Rigaku Mercury2 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

dtprofit.ref scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2008) 
J min = 0.463, J max = 0.648 
24559 measured reflections 



9655 independent reflections 

8942 reflections with / > 2a(I) 

R mt = 0.024 

©max ~~ 25.4 , 0 m j n — 3.7 

£ = -17^18 

k = -35^30 
/= 10^13 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 >2o(F 2 )} = 0.031 
wR(F 2 ) = 0.073 
S= 1.03 

9655 reflections 
532 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 0 2 ) + (0.030P) 2 + 16.6944P] 
where J P = (F' 0 2 + 2F , c 2 )/3 
(A/a) max = 0.001 

Apmax = 0.87 e A~ 3 

Apmin = -0.86 e A~ 3 
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Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.0377 (2) 


0.0204 (2) 


0.0004 (2) 


-0.00013 (18) 


0.00237 (16) 


SI 


0.0321 (7) 


0.0487 (8) 


0.0280 (7) 


0.0047 (6) 


0.0023 (5) 


0.0021 (6) 


S2 


0.0326 (7) 


0.0531 (8) 


0.0299 (7) 


-0.0137 (6) 


-0.0052 (5) 


0.0040 (6) 


S3 


0.0469 (7) 


0.0254 (6) 


0.0246 (6) 


0.0010(6) 


0.0016(5) 


0.0056 (5) 


S4 


0.0566 (8) 


0.0220 (6) 


0.0285 (7) 


-0.0040 (6) 


0.0004 (6) 


0.0015 (5) 



Geometric parameters (A, °) 



Hoi — 03 


2.235 (3) 


C6 — H6A 


0.9600 


Hoi — 02 


2.245 (3) 


C6 — H6B 


0.9600 


Hoi — 04 


2.255 (3) 


C6 — H6C 


0.9600 


Hoi — Ol 


2.269 (3) 


C7 — H7A 


0.9600 


Hoi — 08 


2.448 (3) 


C7 — H7B 


0.9600 


Hoi — 09 


2.465 (3) 


C7 — H7C 


0.9600 


Hoi — 05 


2.471 (3) 


C8 — H8A 


0.9600 


Hoi — 06 


2.472 (3) 


C8 — H8B 


0.9600 


Hoi— N2 


2.872 (4) 


C8— H8C 


0.9600 


Hoi— Nl 


2.888 (4) 


C9— H9A 


0.9600 


PI— Ol 


1.477 (3) 


C9— H9B 


0.9600 


PI— N4 


1.626 (5) 


C9— H9C 


0.9600 


PI— N5 


1.646 (5) 


C10— H10A 


0.9600 


PI— N3 


1.646 (4) 


C10— H10B 


0.9600 


P2— 02 


1.491 (3) 


C10— H10C 


0.9600 


P2— N8 


1.618 (5) 


Cll— H11A 


0.9600 


P2— N6 


1.634 (5) 


Cll— HUB 


0.9600 


P2— N7 


1.637 (4) 


Cll— H11C 


0.9600 


P3— 03 


1.478 (3) 


C12— H12A 


0.9600 


P3— Nil 


1.603 (6) 


C12— H12B 


0.9600 


P3— N10 


1.613 (5) 


C12— H12C 


0.9600 


P3— N9 


1.651 (6) 


C13— H13A 


0.9600 


P4— 04 


1.492 (3) 


C13— H13B 


0.9600 


P4— N13 


1.611 (5) 


C13— H13C 


0.9600 


P4— N12 


1.622 (4) 


C14— H14A 


0.9600 


P4— N14 


1.644 (5) 


C14— H14B 


0.9600 


05— Nl 


1.272 (5) 


C14— H14C 


0.9600 


06— Nl 


1.268 (5) 


C15— H15A 


0.9600 


07— Nl 


1.224 (5) 


C15— H15B 


0.9600 


08— N2 


1.269 (5) 


C15— H15C 


0.9600 


09— N2 


1.264 (5) 


C16— H16A 


0.9600 
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QO -71 /I ON 
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on O/l / 1 IN 

66.64 (13) 


02— Hoi— 04 


157.26 (12) 


03— Hoi— Ol 


158.06 (12) 


02— Hoi— Ol 


93.38 (12) 


04— Hoi— Ol 


93.58 (12) 
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128.48 (12) 
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CIA H94R 
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u.vouu 


C24— H24C 


0.9600 


Wl— S2 


2.1929 (14) 


Wl— SI 


2.2026 (14) 


Wl— S3 


2.2085 (12) 


Wl— S4 


2.2106(13) 


Wl— Agl' 


2.9498 (6) 


Wl— Agl 


2.9727 (7) 


Agl— S4" 


2.4942 (14) 


Agl— S3" 


2.5689 (14) 


A a l — SI 


2.6206 (15) 


Agl— S2 


2.6257 (16) 


Agl— Wl" 


2.9498 (6) 


S3— Agl 1 


2.5689 (14) 


S4 — Aal' 


2.4942 (14) 


MC PC UCP 

JN5 — C5 — H5C 


1 nn c 

ioy.5 


H5A— C5— H5C 


109.5 


H5B— C5— H5C 


109.5 


N5— C6— H6A 


109.5 


N5 — C6 — H6B 


109.5 


H6A— C6— H6B 


109.5 


N5— C6— H6C 


109.5 
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Mil PI O tj 1 OP 

JN11 — Cl5 — HlsC 


1 AA C 

iuy.5 


Uo — JN 1 — (J j 


1 1 /- i //i\ 
110.1 (4) 


TJ10A pi o mop 

H 1 6A — C 1 o — H 1 5C 


1 AA C 

iuy.5 


(J/ — JN 1 — hlol 


1 *7T /I //I \ 

1 /Z.4 (4) 


TJ10T3 P10 TJ10P 

H 1 so — C 1 o — H 1 5C 


1 AA C 

iuy.5 


Uo — JN 1 — hlol 


CO A /">\ 

jo. 4 yl) 


Mil p 1 A tj 1 A A 

JN 1 2 — C 1 y — H 1 y A 


1 AA C 

iuy.5 


f~\ C XT1 O 1 

Uj — JN 1 — hlol 


CO A (^\\ 
JO. 4 (Z) 


M 11 P 1 A TJ 1 AO 

JN 1 2 — C 1 y — H 1 yo 


1 AA C 

iuy.5 


<J 1 U — JN Z — OV 


1 T> 1 (A \ 

LIZ. 3 (4) 


TJ1AA P1A TJT1 AO 

H 1 vA — C 1 y — H 1 yo 


1 AA C 

iuy.5 


Ain xti r\Q 
U1U — JNZ — Uo 


111 1 /c\ 

Izl.z {p) 


M 11 P 1 A TT 1 AP 

JN 1 2 — C 1 y — H 1 VC 


1 AA C 

iuy.5 


/"in XTT /"\Q 

oy — JNZ — Uo 


I 1 /- c SA\ 

II O.J (4) 


tj 1 A A p 1 A JJ1 AP 

h i yA — c i y — h i yc 


1 AA C 

iuy.5 


Ain xti 1 1,. i 
U 1 U — JN Z — hlo 1 


1 "7/1 A (A \ 
1 /4.y (4) 


TJ 1 AO P 1 A TJ 1 AP 

h i y d — c i y — h i y c 


1 AA C 

iuy.5 


f~\C\ XTT I I,n 1 

<jy — JNz — hlol 


CO H /">\ 

JO. / (z) 


Ml T pnn TJ1A A 

JN 1 2 — C2U — H2UA 


1 AA C 

iuy.5 


r\Q XTT 1 I,. | 

Uo — JNz — hlol 


C*7 A 

57.9 (2) 


xm pnn tjtao 
JN 1 2 — C2U — H2UB 


1 AA C 

iuy.5 


CI — JN3 — Cz 


inn fz\ 

iii. y (5) 


TJI A A pi A TJI AO 

H2UA — C2U — H2UB 


1 AA C 

iuy.5 


/-i i XT1 r> 1 
CI — JN3 — r 1 


1 1 ft ft 

ny.y (4) 


xm pnn tjtap 
JN 1 2 — C2U — H2UC 


1 AA C 

iuy.5 


z^o XTO r> 1 

Cz — JN 3 — r 1 


12U.5 (4) 


TJTA A pnn TJTAP 

H2UA — C2U — H2UC 


1 AA C 

iuy.5 


/ • ") \T/| /"I/I 

C3 — JN4 — C4 


114.2 (p) 


TJTAO PTA TJTAP 

H2UB — C2U — H2UC 


1 AA C 

iuy.5 


C3 — JN4 — r 1 


12U.0 (4) 


M 1 1 P11 TJT 1 A 

JN 1 i — C2 1 — H2 1 A 


1 AA C 

iuy.5 


/~i a xt/1 r> 1 
C4 — JN4 — rl 


12U.5 (4) 


M11 pni tttid 

JN 1 J — C21 — H21B 


1 AA C 

iuy.5 


c xtc r^c 
Cj — JN j — Co 


11U.U (0) 


TJT 1 A pn 1 TJT 1 O 

H21A — C21 — H21B 


1 AA C 

iuy.5 


Cj — JN j — rl 


124.1 (4) 


M11 pm TJT 1 P 

JN 13 — C21 — H21C 


1 AA C 

iuy.5 


xtc n i 
Co — JN j — r 1 


121.5 (4) 


TJT 1 A pn 1 TJT 1 P 

H21A — C21 — H21C 


1 AA C 

iuy.5 


C/ — JN o — to 


1 1 A A 

1 14. U (5) 


TjniD pni tjt 1 p 
H2 1 D — C2 1 — H2 1 C 


1 AA C 

iuy.5 


f*1 TvT/C T")"> 

C7 — No — P2 


125.3 (4) 


M1 i pnn unn a 
N 1 3 — C22 — H22A 


109.5 


C8— N6— P2 


119.7(4) 


N13— C22— H22B 


109.5 


C9— N7— CIO 


114.2 (4) 


H22A— C22— H22B 


109.5 


C9— N7— P2 


122.5 (4) 


N13— C22— H22C 


109.5 


CIO— N7— P2 


119.9 (3) 


H22A— C22— H22C 


109.5 


C12— N8— Cll 


115.6(6) 


H22B— C22— H22C 


109.5 
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mo t>i 
C 1 2 — JN 5 — rz 


1 i/i a 
120.0 (_>) 


pi 1 MO m 

CI 1 — JN5 — YI 


123.4 (5) 


ma ru 
C13 — JN9 — C14 


inn //r\ 

ii2.y (o) 


CI 3 — JNy — Yi 


1 11 A 

122. U (4 J 


pi /l ma m 
C 1 4 — JN 9 — rj 


124.2 (0) 


PI £ \11 A PI C 

C16 — JN 1U — CI J 


1 14.3 (3 ) 


P 1 H M 1 A Til 

CI 6 — JN 1U — Yi 


11/1 1 1 A \ 

124. / (4) 


pi f \T1ft -ni 

CIS — JN 1U — Yi 


1 1 A 1 

ny.2 (4) 


P1"7 \I11 P10 

CI / — JN 11 — CIS 


1 1 £ f ."7\ 

116.5 (/) 


r*\H M 1 1 Til 

CI / — JN 1 1 — Yi 


urn /c\ 

i iy. / (p) 


PI O M 1 1 Til 

Cl5 — JN 11 — Yi 


123.5 ( /) 


pin \in pin 

Cly — JN 12 — C2U 


| 11 o / z\ 

112.6 (5) 


PI Q Wn TtA 

^ i y IN 1 Z Y 1 


111 1 (A\ 
1ZZ.Z ^ J 


C20 — N12 — P4 


121.8 (4) 


C22— N13— C21 


113.2 (6) 


C22— N13— P4 


120.6 (5) 


C21— N13— P4 


123.0 (5) 


C24— N14— C23 


111.8 (5) 


C24— N14— P4 


121.0 (5) 


C23— N14— P4 


119.6(4) 


N3— CI— HI A 


109.5 


N3— CI— H1B 


109.5 


H1A— CI— H1B 


109.5 


N3— CI— HlC 


109.5 


H1A— CI— HlC 


109.5 


H1B— CI— HlC 


109.5 


N3 — C2 — H2A 


109.5 


N3— C2— H2B 


109.5 


H2A— C2— H2B 


109.5 


N3— C2— H2C 


109.5 


H2A— C2— H2C 


109.5 


H2B— C2— H2C 


109.5 


N4— C3— H3A 


109.5 


N4 — C3 — H3B 


109.5 


H3A— C3— H3B 


109.5 


N4— C3— H3C 


109.5 


H3A— C3— H3C 


109.5 


H3B— C3— H3C 


109.5 


N4— C4— H4A 


109.5 


N4 — C4 — H4B 


109.5 


H4A— C4— H4B 


109.5 


N4— C4— H4C 


109.5 


H4A— C4— H4C 


109.5 


H4B— C4— H4C 


109.5 


N5— C5— H5A 


109.5 



JN 14 — CZ3 — HZ3A 


109.5 


JN 14 — CZ3 — hlZ3r> 


1 A A £ 

109.5 


1 ]T] * f TJT3D 

hlZiA — CZ3 — hlZ3r> 


1 AA £ 

ioy.5 


JN 14 — CZ3 — hlZiC 


1 AA £ 

ioy.5 


hlZiA — CZ3 — hlZiC 


1 AA £ 

ioy.5 


hlZiB — CZ3 — hlZiC 


1 AA £ 

ioy.5 


Ml A f^^i A TUT/I A 

JN 1 4 — CZ4 — hlZ4A 


1 AA £ 

ioy.5 


JN 14 — CZ4 — riZ4r> 


1 AO ^ 

luy.j 


IT") , 1 * C^'~) A TIT/ID 

hlZ 4 A — C Z 4 — hlZ 4r> 


1 aa £ 

ioy.5 


JN 1 4 — CZ4 — rlZ4C 


1 AA £ 

luy.j 


hlZ 4 A — C Z 4 — hlZ 4C 


1 AA £ 

ioy.5 


IT") ,1 T") /~^'~\ A IT") i / • 

hlZ4r> — CZ4 — hlZ4C 


1 AA £ 

ioy.5 


— W 1 — o 1 


1 HQ 7Q t<\ 


S2— Wl— S3 


108.15 (5) 


SI— Wl— S3 


108.71 (5) 


S2— Wl— S4 


108.28 (6) 


SI— Wl— S4 


108.68 (5) 


S3— Wl— S4 


113.21 (5) 


S2— Wl— Agl* 


125.57 (4) 


SI— Wl— Agl* 


124.63 (4) 


S3— Wl— Agl' 


57.61 (4) 


S4 — Wl— Agl' 


55.61 (3) 


S2— Wl— Agl 


58.81 (4) 


SI— Wl— Agl 


58.61 (4) 


S3— Wl— Agl 


148.78 (4) 


S4 — Wl— Agl 


98.01 (4) 


Agl 1 — Wl— Agl 


153.608 (10) 


S4"— Agl— S3" 


93.54 (4) 


S4"— Agl— SI 


121.32 (5) 


S3"— Agl— SI 


120.05 (5) 


S4"— Agl— S2 


120.71 (5) 


S3"— Agl— S2 


117.52 (5) 


SI — Agl — S2 


86.54 (4) 


S4 11 — Agl — Wl" 


A "7 f~\f~\ i"l \ 

47.00 (3) 


S3"— Agl— Wl" 


46.55 (3) 


SI— Agl— Wl" 


137.47 (4) 


S2— Agl— Wl" 


135.92 (4) 


S4"— Agl— Wl 


151.54 (3) 


S3"— Agl— Wl 


114.88 (3) 


SI— Agl— Wl 


45.85 (3) 


S2— Agl— Wl 


45.60 (3) 


Wl"— Agl— Wl 


161.429 (17) 


Wl— SI— Agl 


75.54 (4) 


Wl— S2— Agl 


75.59 (4) 


Wl— S3— Agl 1 


75.84 (4) 
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N5— C5— H5B 109.5 Wl— S4— Agl' 77.39 (4) 

H5A— C5— H5B 109.5 

Symmetry codes: (i) x, -y+l/2, z+1/2; (ii) x, -y+l/2, z— 1/2. 
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